f intend first to outline the various disturbances of diabetic metabolism and then to consider how these disturbances might produce such a condition of, say, primary degeneration with fatty changes or some sort of degenerative change in the venous capillaries of the eye.
DISCUSSION ON DIABETIC RETINOPATHY Dr. R. D . Lawrence: f intend first to outline the various disturbances of diabetic metabolism and then to consider how these disturbances might produce such a condition of, say, primary degeneration with fatty changes or some sort of degenerative change in the venous capillaries of the eye.
Diabetes is primarily a disturbance of carbohydrate metabolism in which the body cannot use carbohydrate food. An excessively high blood sugar is the first characteristic feature of diabetes, and we say that this is due to a,defect of the islets of Langerhans in the pancreas making them unable to deal with the absorbed carbohydrate food. Hyperglycemia is brought about, the sugar passing through the kidney, taking an excess of water with it, causing wastage of food, and illness and weakness oIn the part of the patient.
There is an important secondary mechanism. When the body cannot use enough carbohydrate to keep its metabolism going-and we find the same thing in ordinary starvationthe body starts to use fat, and the fat produces the acetone or ketone bodies which are the real danger in diabetes, and occasionally lead ultimately, without insulin treatment, to diabetic coma.
I should like to pass in review some of the many factors in this metabolic disturbance which have been blamed for the degeneration in the blood vessels of the eye. Ketone poisoning has been blamed, but I think this has been thoroughly disproved. In the type of severe diabetes with ketosis the blood cholesterol is apt to be high, and a German worker a long time ago showed that if cholesterol is injected in rabbits arterial sclerosis and atheroma are produced. But I think that explanation also can be ruled out and most of my retinal cases have normal cholesterol values. Acidosis and deficiency of calcium can also be disregarded.
A recent publication accuses the diabetic of having too low a serum protein, an increased amount of globulin disturbing that ratio. This is a matter which needs a good deal more research and, at present, f do not myself believe that such is the case, finding in my diabetic patients no disturbance of blood proteins.
I have ruled out a number of things which have been accused of causing this vascular degeneration. I should, perhaps, explain that there are two types of diabetes. We have, on the one hand, the fat middle-aged person who tends to get arteriosclerosis as years go on, and who I used to think, in the nineteen-thirties, was the only type which showed these diabetic retinopathies. But there is another type of diabetes in younger people under forty, with acetone poisoning, who formerly died very quickly without insulin. For a long time it was thought that these people did not get retinopathy, but now that they are living longer by the grace of insulin we find a large number of them-said to be 100% by some Americans-who live for twenty-five years and all have retinopathy. 1 do not agree with that finding. I myself have had diabetes for thirty-one years, and not long ago I had my eyes examined by Mr. Whittington and was assured by him that f had no retinal haemorrhage. I have many patients with diabetes of a duration of over twenty-five years who also have no retinal haemorrhage. But the affliction is all too common.
On the whole it is not the severity of the diabetes or the particular type which may produce the trouble. It is seen in both types, and in my opinion the one certain thing about diabetic retinopathy is that it is the duration of the disease which is. the producing factor. Neither does it depend on the occurrence of general arteriosclerosis: There is a lesion typical of diabetes without arterial sclerosis and with normal blood pressure (110/70 or 140/85). I have done nothing, therefore, to contribute to aetiology except to suggest that in some mysterious way a prolonged raised blood sugar contributes eventually to the retinal disturbance. But although we may not be able to explain the mechanism we have certain possibilities of control, even if we cannot make the people physiologically normal.
It is now thought that diabetes may not depend primarily on the islets of Langerhans of the pancreas going wrong, and that there may be another endocrine-a pituitary-factor which is concerned. It has been postulated that it is not diabetes per se but another endocrine pituitary factor in the background which produces these vascular changes. But recently diabetic retinopathy has been reported in heemochromatosis and in relapsing pancreatitis where the cause of the disease is direct destruction of the islets of Langerhans with no other endocrine factor. Therefore, in my opinion, it is the factor mysterious in action of prolonged high blood sugar which produces this lesion. My detailed knowledge of ophthalmology is not very great. I was never taught in it as a student, and never saw the back of the eye with the mechanisms with which 1 was then provided. But for the last twenty years 1 have been looking at the eyes of diabetics, sometimes twenty a day, seldom less than five, and there are a few things I would like to mention from my own observation.
Retinopathy definitely occurs without any general arteriosclerosis shown either by albuminuria or raising of blood pressure. How soon can it happen? Not usually for ten or twenty years. The earliest I have seen to occur in diabetes is after four years. It is often extremely difficult to know with a mild type of diabetic how long he has had it. You may be told that perhaps for seven years before he went to an ophthalmologist he has had mysterious white (sugar) spots on his trousers. There are many who have the disease in a mild type, not sufficient to affect their health, for very many years. But in truly severe cases there is little doubt as to when it started, and, as I have said, the earliest retinal changes I have seen were after four years.
Often these patients do not reach the ophthalmologist until the disease is rather serious, and it may be felt that there is nothing to be done about the retinopathy. In our routine examinations of diabetics we see cases in which there is punctate hemorrhage, or aneurysm as it is now called, off and on for years. The appearance comes and goes; nothing at all may be seen for perhaps another few years and then there is a recurrence. The progress of this disease is far less rapid and severe than most ophthalmologists think. I have seen a whole shower of haemorrhages disappear nine months after the first observation, and nothing is to be seen for five years, and then a few come back, and a few come and go for many years. I have seen a most interesting old woman, now 82, who had quite considerable disturbance of vision with heavy cholesterol nuggets at periods over fifteen years. Occasionally one may now see a punctate haemorrhage, but there is nothing else left. Therefore the prognosis is not quite so bad as ophthalmologists think.
What does this progress depend upon? Does the control of the diabetes prevent these developments, or remove them? Most people would say "No". f am not so sure. The earliest bad retinopathies I have seen in diabetic children are in those who eat everything, take their insulin reasonably well, but always have high blood sugars. When they grow up and take their treatment more carefully in hand the initial lesion sometimes disappears and the retina becomes nearly normal.
There are, I think, two types of this process. There is one in which the veins look fairly good, even normal, but apart from that there are these hTmorrhages and the development of white spots. But there is another type in which the veins become dilated; sometimes they have a "sausage" appearance, but the arteries still look fairly good. In these cases huge pre-retinal blood vessels develop, which burst, and cause vitreous hxmorrhages. Many of them quickly develop. These retinitis proliferans cases have been just as well controlled as the others. Is it due to inborn good blood vessels, to a good heredity that so many escape this type of disease? Many of these long-standing diabetics of fifteen or twenty years' duration not only have retinal changes but other vascular degeneration. They seem to get a similar lesion in the glomeruli of the kidney. They develop an albuminuria; their blood pressure goes up, and they get "diabetic glomerulo-sclerosis". When this is added to the idiopathic retinitis the picture changes at once and ultimately comes to a renal stage with quite different types of hemorrhage with blurring of the disc and cedema.
No doubt the condition, which I have dealt with only in general outline, will be more adequately described by later speakers. f have not touched on the physical factors, such as the necessarily high pressure in the venous ocular system, which must contribute to the fact that diabetic vascular degenerations are first and most obviously produced in the fundus.
Dr. G. I. Scott: Diabetic retinopathy. Although changes in the larger veins were described by Nettleship, in 1888, it was not until 1937 that stasis in the veins was first suggested, by Mylius, as the essential factor in the causation of retinopathy in diabetes.
The significance of the venous changes was not, however, truly appreciated until our thoughts were directed away from factors such as hypertension and arteriosclerosis.
In 1943, Ballantyne and Lowenstein, reporting on a large series of diabetic patients, found that 50 per cent of those with retinal changes had normal blood pressure and that many cases showed no arteriosclerotic changes in the retinal vessels. They therefore concluded that diabetic and hypertensive retinopathy should be regarded as quite separate entities. It is also significant that Wagener who, in 1921, thought that the retinopathy of diabetics was essentially that of arteriosclerosis wrote, in 1945, that, as a result of twenty-five years further clinical experience, he was quite definitely of the opinion that neither arteriosclerosis nor hypertension produced retinopathy of the type characteristic of diabetes.
In 1943 confirmed that these lesions are in fact micro-aneurysms and not merely capillary dilatations. The above observations constitute an important advance in our knowledge, since they have directed our thoughts away from factors now recognized to be of no etiological significance, even although it must be confessed that we are still ignorant of the cause of the venous changes.
Another noticeable feature in the literature regarding diabetic retinopathy is the marked diversity in the published figures of its incidence.
There are certainly two factors which might account for such variation. In the first place there seems to be no doubt that the incidence depends very much upon the duration for which a patient has had diabetes. In 1945, Wagener reviewed the ophthalmic findings in 1,021 diabetics, examined at the Mayo Clinic during the year 1944, in whom retinopathy of the type characteristic of diabetes was present in 29 6 %. When, however, the incidence was correlated with the duration of the diabetes, it was found to be only 10 7 00 in those who had had diabetes for less than one year, but to be 73% in patients who had had diabetes for longer than twenty years.
It is moreover well known, as has been shown by both Joslin (1946) and Stocks (1944) that diabetics are now living longer. Joslin When these findings are linked with the observations made by Wagener, regarding the marked rise in the incidence of retinopathy the longer the duration of the diabetes, it is at once apparent that the observation of earlier writers, that retinopathy rarely occurred in young diabetics was, at that time, perfectly correct, for, in. pre-insulin days, the young diabetic rarely lived long enough to develop it. During the past few years I have, in conjunction with Dr. Halliday Croom, examined 150 diabetics, all of whom have had the disease for periods varying from fifteen to twenty-six years. A preliminary report on the first 60 cases was published by us in 1949, but I would like, if I may, to give you a short report of our findings in this larger group of cases:
Ophthalmological findings.-Changes typical of diabetic retinopathy were present in 62 (41-3 %) of our patients, a rather larger percentage than was recorded in our previous report. Micro-aneurysms were seen in 34 patients, and were the only sign of retinopathy in 5 of the cases.
Micro-aneurysms were most numerous temporal to the disc, but, in about a quarter of the cases, isolated aneurysms were also seen in the nasal half of the retina.
The hamorrhages were mainly deeply situated, small and roughly round in shape, although a few were superficial and "streaky". In some cases the larger, round hemorrhages presented the typical appearance which Hanum (1938) has described as being like the impression which might be made by a minute sponge. A few cases showed larger "blot" hamorrhages which were sometimes almost subhyaloid in appearance. Typical himorrhages were seen in 53 of the 62 cases of retinopathy.
The exudates were white and well-defined, and in the early stages resembled flecks of icingsugar or powdered snow. Only in the arteriosclerotic patient, or in the more advanced cases, did we see the hard, so-called soapy, yellowish-white or white plaques of exudate described in most textbooks. Exudates were present in 47 of the 62 cases with retinopathy.
Six patients with retinopathy developed severe haemorrhage into the vitreous, with subsequent development of retinitis proliferans. Two of these patients had been under our observation for some years previous to the present investigation, when only minimal retinal changes were present, and the subsequent course of events showed points of interest. In both cases the signs of retinopathy were slight. The first patient then developed a single, not very large, preretinal hemorrhage, followed shortly afterwards by a sudden hkmorrhage into the vitreous; the second patient also showed minimal changes and yet suddenly bled into the vitreous. These two cases seem to demonstrate quite clearly that bleeding into the vitreous is not an advanced stage of retinopathy, requiring gross lesions in the veins, or an advanced degree of retinopathy, as a necessary precursor. Hanum noted the same occurrence in one of the cases which he recorded in 1938, and, as he aptly expressed it, "from these preretinal haemorrhages there seems to be but a floating transition to the apoplectiform hemorrhages, which involve the vitreous, and, probably always, give rise to proliferative processes Engorgement of the veins, although evident in most of the cases of retinopathy, was not always a marked feature, and, if attention had not been drawn to the presence of pathological changes such as micro-aneurysms, haemorrhages or exudates, the congestion of the veins might well, in many cases, have been classified as within physiological limits. Congestion of the veins only reached a marked degree in 10 of the 62 cases with retinopathy.
Arteriosclerotic changes in the vessels were minimal or absent, except in seven patients, four of whom were hypertensive. Of the 62 patients with retinopathy 43 showed normal retinal arteries.
As Ballantyne has emphasized, the changes which we sometimes see in the larger veins do not represent an advanced stage of diabetic retinopathy, and they can occur in the absence of the hemorrhages which we regard as characteristic. Moreover, such changes in the veins are not specifically diabetic since they may occur in cases of hypertensive retinopathy, as well as in other conditions. Philps (1946), for example, recorded their occurrence in a non-diabetic patient who, for many years, had had fibrosis of the lungs with raised venous pressure.
In the present state of our knowledge I think that it might be useful to us, as clinicians, to adopt a classification, slightly different from that used by the pathologist, to illustrate the various stages in the clinical course of the disease (Fig. 1 In the minority, in which further deterioration occurs, the progress of the disease follows one of two very different courses. A certain proportion show an exacerbation of the changes seen in Stage Ifb, i.e. the hxmorrhages become more numerous and the exudates more confluent and more waxy in appearance. (Stage Illa.) In an appreciable number, however (9 7% in our series), Stage lfb may suddenly be followed by hxemorrhage into the vitreous and by subsequent proliferative changes.
It is also to be noted that haemorrhage into the vitreous may follow immediately upon Stage lb without any intermediate phase of hmemorrhages and exudates.
Clinical examination.-From the general point of view, 34 of the 150 cases which we examined were found to be free from clinical evidence of degenerative disease. In 2 of these cases the onset occurred over twenty-six years ago.
In this series it would appear, therefore, that degenerative lesions are not inevitable even as late as twenty-six years from the onset of the disease.
In 68 of our patients the systolic blood pressure was below 140 and the diastolic pressure was below 90; these were classified as normal. In another 68 cases the systolic pressure was 160 or more, or the diastolic was 100 or more, and these were classified as hypertensive. The remaining 14 exhibited blood pressures between these two levels, and were regarded as doubtfully hypertensive.
The distribution of the hypertensive cases is shown in Fig. 2 . It will be noted that a considerable number (35 out of 62) of these cases with retinopathy showed no evidence of hypertension. In addition, it was noted that although over a third of our patients showed clinical evidence of peripheral arteriosclerosis, nearly two-thirds of our cases with retinopathy had no clinical evidence of general arteriosclerosis. Two cases only showed albuminuria and cedema, suggesting that the nephrotic syndrome associated with diabetes, while a pathological entity is indeed a clinical rarity as was, in fact, suggested by Kimmelstiel and Wilson in their original description of the condition.
A careful analysis of the case records was made in an attempt to assess the relationship between the severity or control of the diabetic state and the development of degenerative changes.
The severity of the diabetes was assessed by the dosage of insulin required, and the control of the condition by the general well-being of the patient, the degree of glycosuria, and the frequency of reactions.
In this series, as in our previous review, there was no significant correlation between the severity of the diabetes and the development of cardiovascular or retinal complications.
As regards the control of the diabetes, we reported in the review of our first 60 cases that we found no evidence of any correlation between the occurrence of vascular or retinal changes and the control of the diabetic state. A study of our present larger series of 150 patients seems to suggest, however, that control of the diabetic state may, in fact, be an important factor in lessening the incidence of degenerative changes.
When we divided our 62 cases with retinopathy into those whom we knew were poorly controlled and those who appeared to be controlled on every occasion upon which they were examined, there were 30 in the first group and 32 in the second. We had, however, a large number of patients (51 % of the 150) whom we labelled "defaulters", as they were not regular in their attendance at the follow-up clinic. The defaulters were almost equally divided between our "uncontrolled" patients and those apparently well controlled upon the occasions on which they did attend.
With regard to the incidence of retinopathy, however, we found that 45 (72 %) of the 62 patients with retinopathy were defaulters, whereas there were only 6 defaulters among the 34 patients who were free from all signs of degenerative disease (Table I) . It is certainly If it is true that really strict control of the diabetic state will lessen the incidence of degenerative changes, then it is obvious that we would be justified in using every effort to try and convince our patients of the absolute necessity of adequate control and supervision of their diabetic state.
We do not know why the retinal changes take place, and we do not know how to treat the retinopathy when it does occur. It would seem, however, that we may, at least, hope to prevent what we cannot cure.
In conclusion, I should like to express my indebtedness to Dr. J. Halliday Croom, with whom I made the study of the 150 patients to whom I have referred.
by MacKenzie and Nettleship in 1879. The discovery did not, however, give rise to great comment and no further interest appears to have been taken in the lesio'ns until 1943 when they were rediscovered and studied in greater detail by Ballantyne and Lowenstein. Their careful work stimulated great interest and a considerable amount of research work, based upon their original observations, is now in progress both here and in America.
At the Institute of Ophthalmology we have now examined post-mortem material, including the eyes, from 121 diabetic subjects; in 110 of which the data are sufficiently complete to analyse. 71 % of the cases were females; retinopathy in various stages was present in 68% and Kimmelstiel-Wilson's disease was seen in 360%. Our findings in this series will be more fully dealt with in a subsequent paper.
A diabetic retina mounted in a glass sphere clearly shows the two types of hxemorrhages which may be seen ophthalmoscopically: the irregular so-called "blot" heemorrhages and the round, well-defined "dot" or punctate hemorrhages which Ballantyne and Lowenstein found, in flat preparations of the retina, to be capillary micro-aneurysms. In 1948 Friedenwald improved upon their original techniques by applying the McManus periodic acid (Schiff) stain to the flat retina; the vessels stain an intense red and a more deeply staining basement membrane may be seen in the subendothelial layer. These staining properties are presumably due to the presence of a muco-polysaccharide protein complex within the basement membrane. The technique applied to the diabetic retina clearly demonstrates the micro-aneurysms; they are seen to be remarkably localized, often extremely thick walled and the adjacent vessel may appear normal. These appearances were puzzling at first, because it was difficult to see how an aneurysm could reach such a size without distortion of the surrounding vessel; we had, however, noted an indentation in the vessel wall opposite the aneurysm and the explanation for these appearances is now clear-as I shall explain later. They may become completely obliterated and so form the white dots seen ophthalmoscopically.
We have shown (Ashton, 1949) that the lesions are usually 20-30 microns in diameter, that is at the limit of ophthalmoscopical visibility; larger ones of 75-100 microns not infrequently occur. Serial sections through one of these lesions proved beyond doubt their aneurysmal nature. Further sections indicated the importance of the basement membrane in the pathological process; sometimes it is greatly thickened and in other instances it appears to split and disintegrate at the edge of the aneurysm. Some of these lesions commence as minute diverticulk arising on one side of the vessel wall and from this stage they gradually enlarge, their walls becoming thickened by a translucent hyaline material. However, they appear to arise more frequently from loops in the vessels which become varicose, exudate oozes through the vessel walls and the two loops become adherent-it is this formation which explains the development of a large aneurysm on an otherwise normal-looking capillary ( Fig. 1) . We have now improved upon this staining technique by injecting the central retinal vessels with Indian ink by means of a fine glass cannula, an electric pump and a dissecting microscope (Ashton, 1950a) . By this means all the vascular irregularities in the retina are well shown and in advanced cases they are very gross indeed (Fig. 1) . In some retinae the artery was injected with a red dye and the vein with black, demonstrating, as Ballantyne had stated, that the lesions are largely confined to the venous side. Similarly neoprene injections of the vessels may also be made and the method has the advantage of preserving the normal contours (Fig. 2) . These preparations show particularly well the development of aneurysms from varicose loops. As Ballantyne has pointed out the vessels in diabetic retinopathy undergo fatty degeneration and this is most marked in the region of the aneurysms. At this site also the permeability of the vessel wall is increased and red cells pass through it, forming the "blot" type hemorrhage: thus also albuminous exudates, together with the fatty globules, exude through the vessel wall and so form the typical waxy exudates in the outer molecular layer.
The question naturally arises as to whether micro-aneurysms may exist outside the retina in cases with diabetic retinopathy. It is extremely difficult to decide from tissue sections, even serial sections, whether such lesions exist or not. We have, therefore, in some 30 diabetic patients, with and without retinopathy, examined flat preparations of the serous membranes of the pleura, meninges, renal and liver capsules, in order to obtain a picture comparable to the retina; and the brain, liver, kidney, and lung were examined by injection techniques followed by the clearing of thick slices with xylol; in this way the tissue could be studied in depth. All the other vessels of the eye have also been examined, and we have recently injected a diabetic gangrenous leg with Indian ink and examined the whole capillary network in a series of slices, but have not succeeded in finding any aneurysms outside the retina except in the glomerulus. This is contrary to the experience of McCulloch and Pashby (1950) who examined the conjunctival vessels in diabetic and non-diabetic patients; they found aneurysms more frequently among diabetics than in normal individuals and more commonly in diabetics with retinopathy than in those without. On the other hand, Friedenwald (1950) found only one conjunctival aneurysm in 60 successive cases of diabetic retinopathy. Further work is, therefore, necessary to elucidate this point but it is felt that the conjunctival tissue, being exposed and subject to recurrent minor trauma, is not a suitable site for the study of extra-ocular capillaries. Friedenwald (1950) has studied the capillary loops at the fingernail bed in 40 cases of diabetic retinopathy and aneurysms were found in only three cases; he found only one aneurysm in 10 brains. These scanty positive findings thus tend to confirm our original report (Ashton, 1949) that the gross micro-aneurysmal formation seen in the retinal vessels is probably not paralleled elsewhere in the body.
An exception must be made in the case of the glomerulus of the kidney, in which aneurysmal dilatations may be demonstrated in association with some of the nodular masses of intercapillary glomerulosclerosis (Ashton, 1 950b), a disease described by Kimmelstiel and Wilson in 1936 and which is now known to occur almost exclusively in the diabetic subject. The renal lesion cannot be fully discussed here but the study of our post-mortem material has led us to the conclusion that the histogenesis of the glomerular lesion is in every way comparable to the pathological process in the retina. In our series of 110 cases we found that as the retinopathy became more severe the incidence of the nephropathy increased Proceedinrys of the Royal Society of Medicile so that the most severe retinopathies were almost always associated with the renal lesion (Table 1) . Furthermore, Kimmelstiel-Wilsons disease did not occur in any case in the series without a retinopathy (Table If) arranged four grades of retinopathy. As the retinopathy became more severe the incidence of the nephropathy increased so that the most severe retinopathies were almost always associated with the renal lesion. 8 6 TABLE 11.-Analysis of 110 diabetic post mortems to show the relationship between Kimmelstiel-Wilson's disease and retinopathy. The three grades of Kimmelstiel-Wilson's disease appear on the left. In this series the nephropathy was constantly associated with retinopathy but when the two lesions co-existed there was no correlation between their degrees of severity. 3 As the disease process advances in the retina new vessels begin to form and they arise by an elongation of the existing capillaries, so that loops are formed and this process continues until multiple loops result (Figs. 3, 4, and 5 ). As long as this new vessel formation remains confined within the retina it appears as closely packed glomerular-like tufts (Fig. 6) , but sooner or later it ruptures through the internal limiting membrane and appears as a flat pannus-like network between the vitreous body and the retina (Fig. 7) or, of course, it may actually grow into the vitreous body. Ballantyne and Michaelson (1948) stated that new vessel formation in the retina began by budding; we have not seen this process, but this is not to deny that it may occur.1
This type of new vessel formation, with elongation of the vessel wall with looping, is seen also in vascularization of the cornea; it is a type which Swindle (1938) called "vascularization unaccompanied by neo-vasculogenesis". It is of importance in that it opens up another line of approach to the problem of the mechanism of micro-aneurysm formation for it can be seen that at least the loop type ol aneurysm could arise by a. process of degeneration in a regenerating loop (Fig. 8 ). There is little evidence, however, to regard all retinal 'Since this paper was read we have been able to demonstrate the budding" process in retinal new vessel formation. Both processes, therefore, occur. aneurysms of this origin, although many arguments could be advanced in support of such a theory. In any case the idea would advance us little for the basic cause of the aneurysm would still remain unknown.
Before studying the possible causes in diabetes it is first essential to know whether these lesions may be found in non-diabetic subjects.
We have, therefore, carried out an investigation which has involved the examination of 336 eyes from non-diabetic patients and our findings are reported in detail elsewhere (Ashton, 1951) . 162 eyes were removed at operation and 174 were obtained at 88 postmortems. Of those eyes removed at operation where the retinal vessels could be clearly seen after staining or injection, one-third showed micro-aneurysms and they were most commonly found in cases of thrombotic glaucoma and chronic choroido-retinitis.
Of those eyes removed post mortem one-third showed micro-aneurysms. Three of the cases were malignant hypertensives with papillcedema and retinopathy and they showed micro-aneurysms on the venous and arterial side of the capillary network, with fatty degeneration in the vessel walls, exudates and fat-containing macrophages; indeed, the changes were similar to diabetic retinopathy but more acute and less severe. In 79 of the post-mortem cases in which no eye disease was suspected and in which no gross ophthalmological findings were to be expected in life (that is, what may be considered to be normal eyes) micro-aneurysms were found in 23, that is in 29 %. In about half of them the micro-aneurysms were confined to the extreme periphery of the field; they were small and few in number but often indistinguishable from the diabetic type of aneurysm. The cause of their origin and the reason for their anatomical distribution are unknown. Capillary aneurysm formation in the retina has thus been found to be of frequent occurrence and it is clear that, apart from vascular sclerosis, the occasional capillary micro-aneurysm is the commonest pathological lesion in the retina.
The finding of micro-aneurysms in such a high percentage of normal and pathological eyes is suprising and it is difficult to elaborate a single theory which will explain the histogenesis of these lesions in each of the conditions in which we now know them to occur.
If it is true that they arise in focal areas of degeneration in the vessel wall, it is not difficult to explain the histogenesis of these lesions in thrombosis of the central retinal vein or in malignant hypertension for in both cases a degeneration might easily result from anoxia and engorgement, in the first case from venous occlusion and in the second from arteriospasm.
In chronic uveitis the vascular degeneration may be a secondary effect of the toxic products of the uveitis itself, and in diabetes we may postulate, as Ballantyne did (1946) , that there is some circulatory toxin, a by-product perhaps of the abnormal metabolic process, which is highly selective for the retinal capillaries. No such toxic substance has, however, been demonstrated and those substances which are present in abnormal quantities in the blood of the diabetic, such as glucose, ketones and lipoids, etc., cannot be clearly related to the onset of retinopathy and thus the theory of a selective toxic substance as a causative factor becomes an increasingly disappointing one.
It is, therefore, tempting to speculate further on the nature of the retinal vascular changes, and our numerous findings point to the same conclusions which Friedenwald (1950) has recently advanced. That is, that the muco-polysaccharide protein complexes within the vessel walls are in some way involved in the diabetic defect. Jacobs (1949) , by measuring bound glucosamine in the serum, has recently found that the muco-polysaccharide of the mucoid fraction of blood plasma is markedly increased in the diabetic subject and that the figures run parallel with the glucose level and are similarly reduced with insulin. He concluded that the glucose anomaly in diabetes is but one manifestation of insulin deficiency and that perhaps this phenomenon is another. It is too early to hazard a guess as to why these mucoids should be withdrawn from the vessel walls in some areas and deposited in others, as in the glomerulus, but the problem is now clearly one for the biochemists and future advances in this field can be expected only by close collaboration with them. ACKNOWLEDGMENTS 1 would like to express my thanks to the surgeons of the Moorfields, Westminster and Central Eye Hospital for the provision of the material and for the clinical details they have supplied. I am also most grateful to the many pathologists and physicians who have co-operated in this work. I am indebted to Dr of all diabetic types, the whitish diabetic exudates with their characteristic distribution, and also, what had not been mentioned so far in the discussion, massive solid-looking waxy exudate at the macula. (The other eye was much the same.) At this date (October 1946), ten months after the start of treatment, Dr. W. G. Oakley reported-"He has been well controlled ever since he was at King's last February, and his B.P. has never been raised". Blood pressure was 150/80. Figure 2 was painted four years later, when a very marked change was noted. It shows that only one hemorrhage was left of the innumerable diabetic hiemorrhages which had been so obvious at the earlier stage. The characteristic whitish diabetic exudates have largely disappeared, and the gross waxy-looking exudate at the macula is no longer present, a greyish white flat area of smaller size representing it. Dr. Oakley now reported-"Diabetes consistently controlled, but with progressive increase in albuminuria and hypertension. The case is now one associated with Kimmelstiel-Wilson disease of the kidneys and I am afraid the outlook is not good". Blood pressure was now 160/100.
In January 1951 a few months later, the fundi were the same, except that the right fundus showed a few small hxmorrhages. The report at this date was-"He has kept his diabetes extremely well controlled ever since I first stabilized him in 1946, but f regret to say that he has an increasing albuminuria and a rising blood pressure, which is now 190/110".
Summary: This case, carefully watched for over five years, shows: (1) that a gross diabetic retinopathy might at first increase during adequate control;
(2) that with continued adequate control, profuse retinal haemorrhages could completely disappear and large deposits be absorbed;
(3) that retinal lesions might be very extensive without any signs of vascular disease, or hypertension, and (4) that despite increasing renal disease and rise in tension, a gross diabetic retinopathy might much diminish under constant control.
Dr. M. Mencer Martin said that in 1924 E. Grafe reported the disappearance of a diabetic retinopathy with an increase in the intra-ocular tension in that eye (Ber. dtsch. ophthal. Ges., 44, 53), the other eye had been glaucomatous for a long time and in it diabetic retinitis never developed. This suggested some connexion between intra-ocular tension and the development of a retinopathy and led the speaker to carry out measurements of intra-ocular tension over twenty-four-hour periods both in diabetic patients and normal controls. While the normal person showed the highest intra-ocular tension at about 6 a.m., which gradually fell during the day and rose again during the night, the tension in the diabetic patient failed to show this diurnal variation. In the diabetic, the tension tended to rise and fall quite rapidly, and though it would have been satisfactory to have correlated it with the level of the blood sugar, the correlation was not obvious in the small number of sases examined. It may be that the wide variations in intra-ocular tension are the local factor predisposing to the development of a diabetic retinopathy in the presence of vascular disease. If experiments were carried out on a larger number of patients, some relationship between the intra-ocular tension and the appearance of retinopathy might be established. Dr. W. G. Oakley said that he would throw out as a chance clinical observation that among the diabetics he had seen and examined he had been struck by the fact that diabetic retinopathy was uncommon among people with high degrees of myopia, and in those who did show it, it was often milder than usual in relation to the duration of the diabetes.
